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Background: Smoking is a risk factor for oral diseases and tooth loss. Our aim was to analyze the association between
smoking intensity and duration and tooth loss among middle-aged Finnish adults who have enjoyed access to
subsidized dental care since childhood.
Methods: This study was based on the Northern Finland Birth Cohort 1966 (NFBC1966) Project, a representative
sample of Finnish 46-year-olds. Altogether 1946 46-year-olds participated in a survey and comprehensive clinical
oral examinations. We measured smoking exposure in pack-years (intensity) and years of smoking (duration) combined
with recent smoking status (current, former, occasional or never). We used negative binomial regression models
to estimate the unadjusted and adjusted relative risks (RR) with corresponding 95 % confidence intervals (CI) for
tooth loss as an outcome. Gender, education, tooth brushing frequency, dental plaque, diabetes and alcohol use
served as explanatory variables for the adjusted models.
Results: Smoking intensity associated with tooth loss in an exposure-dependent manner: those with a high number
of pack-years had a significantly greater probability of tooth loss than never smokers: 11–20 pack-years (RR = 1.55,
95 % CI = 1.15–2.08) and 21 or more pack-years (RR = 1.78, 95 % CI = 1.36–2.33). Smoking duration also associated
with tooth loss: those who had smoked for several years had a significantly higher probability of tooth loss than
never smokers: 21–30 years of smoking (RR = 1.66, 95 % CI = 1.29–2.12) and 31 or more years of smoking (RR = 1.72,
95 % CI = 1.20–2.45).
Conclusions: We found a clear intensity- and duration-dependent relation between smoking and tooth loss among
adults with access to subsidized dental care and in good oral health.
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Tobacco smoking is a risk factor for both general and
oral diseases [1, 2]. Researchers have identified cigarette
smoking as the most important behavioral risk factor
for periodontal disease, which in turn is the main cause
of tooth loss among the middle-aged and elderly [3–5].
Studies have shown that cigarette smoking associates* Correspondence: toni.simila@oulu.fi
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edentulousness [6–8].
In addition, researchers have found an exposure-
dependent relation between cigarette smoking and tooth
loss among young adults [9, 10]. Moreover, a recent
study of health professionals revealed a dose-dependent
relation, but failed to investigate smoking duration or in-
tensity among current smokers [6]. Among middle-aged
Danes who were daily and former smokers, the number
of cigarettes smoked associated with tooth loss, and
smoking duration associated with tooth loss [11].s article is distributed under the terms of the Creative Commons Attribution 4.0
.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
ive appropriate credit to the original author(s) and the source, provide a link to
changes were made. The Creative Commons Public Domain Dedication waiver
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and intensity are the most important aspects to take into
account. However, most studies have focused on either
the average daily number of cigarettes smoked or years
of smoking rather than combining these two measures
to represent smoking history. Recently, pack-years have
begun to find favor, because this measure takes into
account both aspects of smoking with equal weighting
(pack-years = years of smoking * the daily consumption
of cigarettes/cigarettes per pack (e.g., 20)). Moreover,
pack-years or its derivatives have served to reflect the
burden of smoking history when the outcome is tooth
loss [9, 10]. Few studies have examined the association
between different metrics of smoking history (e.g., inten-
sity and duration) and tooth loss with a clinically deter-
mined number of missing teeth [4, 11].
In Finland, a National Health Act in the 1970s entitled
all young people to free dental care; since then, all Finns
have enjoyed access to subsidized dental care, which has
greatly improved the oral health of the population. Our
aim was to examine the association between smoking
and tooth loss among middle-aged Finns with a specific
focus on the intensity and duration of smoking history.
We used data from the Northern Finland Birth Cohort
1966 Project (NFBC1966), a valuable source of compre-
hensive information on public and individual health in
general [12]. We also examined the association of smok-
ing with tooth loss by gender, education and tooth
brushing frequency.Methods
Study design
This cross-sectional study uses data from the longitudinal
Northern Finland Birth Cohort 1966 Project (NFBC1966),
which comprises a comprehensive sample of babies from
the provinces of Lapland and Oulu whose expected birth
year was 1966 (12 068 mothers, 12 231 children, 96.3 % of
all births in this region) [12]. The Ministry of Social and
Health Affairs in Finland approved the data collection,
and the Ethics Committee of the Northern Ostroboth-
nia Hospital District in Oulu, Finland approved the
study protocol. We used information from the follow-
up study of 46-year-olds (carried out in 2012–2014),
which included a postal survey and a comprehensive
clinical health examination. In addition, in the Oulu re-
gion, the examination also included the full inspection
of the mouth and teeth, and during the examination
day, participants completed two additional question-
naires. Participation in the follow-up study of 46-year-
olds was voluntary, and the participants provided their
informed written consent. Altogether 1946 participants
(participation rate 62 %) provided information on the
number of missing teeth.Smoking variables
In 2012, participants received postal questionnaires, which
included several questions on previous and current smok-
ing habits, to be returned prior to the clinical health
examinations. We calculated pack-years (based on 20 cig-
arettes per pack) to measure smoking history among those
who reported having smoked at least five days a week. In
addition, years of smoking served as an alternative meas-
ure of smoking history. Both measures of smoking history
use equal numbers of participants with available informa-
tion. We weighted the use of any tobacco product (filtered
cigarettes, n = 240; other cigarettes, n = 22; cigars, n = 10;
pipe smoking, n = 1) equally when calculating pack-years.
Apart from daily smokers, we used separate categories
for occasional, former and never smokers. Here, ‘never
smokers’ includes all participants who had smoked daily
for less than one year in their lifetime and did not smoke
at the time of the follow-up. ‘Former smokers’ includes
those who had smoked daily for at least one year, but
had quit smoking and did not smoke at the time of the
study. Those who smoked, but no more than four days a
week at the time of the study were considered as ‘occa-
sional smokers’.
Outcome
Seven dentists who underwent specific training and cali-
bration for this purpose performed the clinical oral ex-
aminations. For each participant, the dentists recorded
all missing teeth. Excluding third molars, we formed the
number of missing teeth variable to measure tooth loss
in this study. For the assessment of missing teeth, the
kappa values for inter- and intra-examiner agreements
were 1.00 and 0.97, respectively. In addition, we defined
a dichotomous variable: ‘missing one or more teeth’ or
‘none’ (53 % were missing at least one tooth).
Explanatory variables
The demographic variables included gender and educa-
tion. Postal questionnaires inquired about education with
two questions: one for comprehensive school and the
matriculation exam, and the other for vocational training.
Based on these questions, we defined a three-class ordinal
variable. ‘Basic education’ included those who had not
graduated from high school and had no formal vocational
qualifications. ‘Secondary education’ included those who
had graduated from high school or vocational school.
‘Higher education’ comprised participants with a univer-
sity degree or those who had graduated from a polytech-
nic or equivalent school.
From the postal questionnaires we also determined
tooth brushing frequency and use of alcohol. For tooth
brushing frequency, we dichotomized the information
on the original variable (with five categories) according
to the general recommendation of brushing twice daily:
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missing data, we used similar questions in an additional
questionnaire (completed on the day of the health exam-
ination), in case corresponding information was missing
in the postal questionnaire, which served as the primary
source for all the information. Alcohol use was inquired
with several questions on the number of consumed
standard doses and events of different beverages separ-
ately (mild alcoholic beverages: beer, cider and long
drink; wine and spirits). We used the classification for
alcohol contents per standard doses of different bever-
ages by Sundell et al. [14] and calculated a continuous
grams per week variable. Alcohol drinkers were defined
as those consuming >230 g/wk for men and >150 g/wk
for women, and the rest were defined as light drinkers.
We determined diabetes status using numerous sources:
self-reported physician-diagnosed diabetes and medica-
tions from the postal questionnaires, hospital outpatient
and inpatient registers, and medication registers from the
Social Insurance Institution of Finland. The definition of
the dichotomous variable (yes/no) did not distinguish
between types 1 and 2 diabetes.
Dental plaque served as an indicator of oral health.
During the oral health examination, the dentists re-
corded plaque status (‘none’, ‘visible plaque or plaque de-
tected while probing’) for all visible teeth (excluding
third molars) and then, for simplicity, we dichotomized
this information (yes/no).Statistical analysis
We used a negative binomial regression model for the
number of missing teeth as a count variable and then
calculated unadjusted and adjusted relative risks (RR)
with 95 % confidence intervals (CI) for each explanatory
variable in the model in question [15]. In addition, we
checked over all two-way interaction terms for explana-
tory variables.
For the count outcome, we performed stratified ana-
lyses by gender, education and tooth brushing frequency.
Here, we narrowed education as a stratification variable
to low and high so that the low stratum included basic
and secondary education, and the high stratum included
those with a higher education level in our original edu-
cation variable.
We performed additional analyses to illustrate the cor-
relation between continuous pack-years and the number
of missing teeth as the count variable among those who
had smoked. For visual preference, this illustration was
based on an unadjusted negative binomial model.
We used the statistical package R environment version
3.1.2 for all statistical analyses [16]. For negative binomial
modeling, we used the glm.nb function (with no offset
option) in the MASS package.Results
Table 1 shows the basic characteristics of the study
population and the mean number of missing teeth as
well as the proportion of those who were missing at least
one tooth according to the categories of study variables
and smoking status. The mean number of missing teeth
in the entire study population varied with education
level (ranging from 1.1 at the higher level to 2.2 at the
basic level), tooth brushing frequency (1.7 in those who
brushed their teeth once daily or less and 1.2 in those
who brushed their teeth at least twice daily), and dia-
betes status (1.9 in those who had diabetes and 1.4 in
those who did not have diabetes). The proportions of
those with a basic or secondary education, a habit of
alcohol use and poor tooth brushing frequency were
higher among current and former smokers than among
never smokers. Table 2 shows the distribution of pack-
years and years of smoking as well as the association
with the number of missing teeth in a similar manner to
Table 1.
Table 3 shows the unadjusted and adjusted relative risks
(RR) for the average increase in the number of missing
teeth for the entire study population. Smoking 21 or more
pack-years associated with tooth loss (adjusted RR = 1.78,
CI = 1.36–2.33). Similarly, 31 or more years of smoking
associated with the outcome (adjusted RR = 1.72, CI =
1.20–2.45). From other study variables, education in par-
ticular associated with the outcome: adjusted RRs for basic
and secondary education were 1.81 (CI = 1.34–2.46) and
1.48 (CI = 1.27–1.72), respectively. In addition, poor tooth
brushing frequency associated slightly with the outcome
(adjusted RR = 1.19, CI = 1.02–1.39).
Table 4 shows the relation of smoking to tooth loss
stratified according to gender, education and tooth brush-
ing frequency. The RRs revealed an exposure-dependent
association between pack-years and years of smoking and
tooth loss among all the strata, except for women.
Adjusted RRs, however, revealed similar, though statisti-
cally non-significant, associations among women. In each
stratum, former or occasional smokers showed no essen-
tial differences from never smokers.
The model-based estimate of the number of missing
teeth among smokers according to pack-years appears in
Fig. 1. This visualization shows the possibility of an
exponentially increasing probability to lose teeth with
increasing pack-year values.
Discussion
We used both pack-years and years of smoking to ex-
plore the relation between smoking history and tooth
loss, and found a clear exposure-dependent association
with tooth loss among middle-aged Finnish adults.
Among those middle-aged Finnish adults with fairly
good oral health, the risk for tooth loss increased
Table 1 Basic characteristics of the study population and number of missing teeth per participant by smoking
Current smokera Former smokerb Never smokerc All









% Mean ≥1: % % Mean ≥ 1: % % Mean ≥ 1: % % Mean ≥ 1: %
Gender (n = 1946)
Male 50 2.1 63 54 1.6 57 41 1.1 45 47 1.5 53
Female 50 1.6 62 46 1.2 53 59 1.2 50 53 1.3 53
Education (n = 1865)
Basic 8 2.8 82 6 1.8 62 3 1.8 65 5 2.2 70
Secondary 48 2.1 67 42 1.8 63 28 1.5 59 36 1.7 63
Higher 44 1.3 55 52 1.1 48 69 1.0 42 59 1.1 46
Tooth brushing (n = 1944)
Once daily or less 40 2.0 65 39 1.7 61 26 1.4 52 34 1.7 58
At least twice daily 60 1.7 61 61 1.2 51 74 1.0 46 66 1.2 51
Plaque (n = 1935)
Yes 81 1.9 63 80 1.4 55 78 1.1 47 79 1.4 54
No 19 1.7 59 20 1.5 53 22 1.1 49 21 1.3 52
Diabetes (n = 1919)
Yes 4 1.7 65 2 1.7 43 2 2.3 56 2 1.9 58
No 96 1.8 62 98 1.4 55 98 1.1 48 98 1.4 53
Alcohol use, g/wk (n = 1891)
Alcohol drinkere 19 2.2 68 13 1.4 47 6 1.3 48 10 1.7 57
Light drinkerd 81 1.7 61 87 1.4 56 94 1.1 48 90 1.3 53
Total (n = 1946) 100 1.8 62 100 1.4 55 100 1.1 48 100 1.4 53
aThose who smoked at the time of the survey
bThose who have smoked at least for a year but did not smoke at the time of the survey
cThose who had never smoked, or have smoked less than a year and did not smoke at the time of the survey
d0–230 g/wk for men and 0–150 g/wk for women
e > 230 g/wk for men and >150 g/wk for women
Table 2 Observed distribution of the participants and
information on the distribution of outcome by smoking
Participants Number of missing teeth
% Mean ≥ 1: %
0–10 pack-years 4 1.6 60
11–20 pack-years 5 2.1 69
21 or more pack-years 6 2.4 67
Former smoker 26 1.4 55
Occasional smoker 8 1.2 54
Never smoker 51 1.1 48
1–20 years of smoking 4 1.8 62
21–30 years of smoking 8 2.2 68
31 or more years of smoking 3 2.4 66
Total (n = 1735) 100 1.4 53
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or more years of smoking, especially among males irre-
spective of their socio-economic background. Those
who had stopped smoking or smoked only occasionally
were at no higher risk for tooth loss than never smokers,
thus substantiating the benefit of smoking cessation.
Comparison with other studies
Despite differences in studies of smoking and tooth loss
in various populations, previous studies have pointed to
an exposure-dependent relation between tobacco smok-
ing history and tooth loss. Our findings are in line with
those of previous research on smoking and tooth loss
[4, 6, 9, 10]. Ojima et al. [10] found an exposure-related
association between smoking and tooth loss among
young Japanese adults. Previously, with the investigation
of the association between smoking and tooth loss in the
31-year-old NFBC1966 cohort, smoking showed an
exposure-dependent relation with tooth loss [9]. How-
ever, that study involved no oral health examinations,
Table 3 Results of the negative binomial regression analyses for
the risk of losing teeth (n = 1694). Unadjusted and adjusteda






Male 1.16 (1.01–1.34) 0.96 (0.83–1.11)
Female (reference) 1.00 1.00
Education
Basic 2.11 (1.56–2.84) 1.81 (1.34–2.46)
Secondary 1.67 (1.45–1.93) 1.48 (1.27–1.72)
Higher (reference) 1.00 1.00
Tooth brushing
Once daily or less 1.38 (1.19–1.59) 1.19 (1.02–1.39)
At least twice daily (reference) 1.00 1.00
Plaque
Yes 1.06 (0.89–1.26) 0.97 (0.82–1.15)
No (reference) 1.00 1.00
Diabetes
Yes 1.50 (0.97–2.33) 1.40 (0.92–2.15)
No (reference) 1.00 1.00
Smoking
0–10 pack-years 1.50 (1.06–2.13) 1.39 (0.99–1.97)
11–20 pack-years 1.85 (1.38–2.49) 1.55 (1.15–2.08)
21 or more pack-years 2.18 (1.67–2.85) 1.78 (1.36–2.33)
Former smoker 1.25 (1.06–1.48) 1.13 (0.96–1.34)
Occasional smoker 1.08 (0.83–1.41) 0.98 (0.75–1.28)
Never smoker (reference) 1.00 1.00
1–20 years of smoking 1.62 (1.15–2.28) 1.40 (0.99–1.96)
21–30 years of smoking 2.00 (1.57–2.55) 1.66 (1.29–2.12)
31 or more years of smoking 2.00 (1.40–2.86) 1.72 (1.20–2.45)
Never smoker (reference) 1.00 1.00
Alcohol use, g/wk
Alcohol drinker 1.25 (1.01–1.55) 1.09 (0.88–1.36)
Light drinker (reference) 1.00 1.00
aAdjusted for other background factors in this table. In addition, other than
smoking variables were adjusted for smoking (pack-years)
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the number of teeth.
Most previous studies on smoking and tooth loss have
not assessed the intensity and duration of smoking in the
same study and have used a binary variable rather than
the original scale of the number of teeth for tooth loss as
an outcome [9, 10]. Our study takes advantage of both of
these measures of smoking, which strengthens our find-
ings over those of previous studies. Moreover, we used a
count outcome for tooth loss and relative risk (RR), which
are considered more accurate measures than the morecommonly used odds ratio (with binary outcome) to as-
sess association in cross-sectional studies. Mai et al. [4]
used multiple measures of smoking history to investigate
its association with tooth loss, but the study was limited
to postmenopausal women, and ‘any tooth loss’ served as
a binary outcome. Although the study on middle-aged
Danes shares similarities with our study, Morse et al. [11]
did not use pack-years (or any other corresponding meas-
ure) to assess smoking intensity and they used only a
binary outcome for tooth loss (6+ versus <6 teeth lost).
Education and tooth brushing frequency also associ-
ated significantly with tooth loss in our study. In particu-
lar, the impact of socio-economic status (SES), measured
as education level, on tooth loss seemed closely resem-
bled that of smoking. Previous studies have also revealed
a strong association between low education and tooth
loss [4, 8, 17]. In addition, a low level of oral self-care,
commonly assessed as a tooth brushing frequency of
once daily or less, has shown a stronger connection with
a lower number of present teeth than has a high level of
oral self-care [9, 18]. However, this connection has
proved to be relatively weak, and some studies have
found no significant association between tooth brushing
frequency and tooth loss among either gender [10, 19].
Alcohol use is known to accompany smoking habit
often and it may act as a confounder for the association
between smoking and oral diseases [20]. However, in our
study alcohol use was only weakly associated with the out-
come. Moreover, we performed interaction analyses with
alcohol use and smoking (pack-years and current smoking
habit) and did not observe statistically significant inter-
action. Previous studies have shown inconsistent results
for how alcohol use associates with tooth loss [11, 21].
The rate of tooth loss in our study was similar among
both men and women, a finding in line with those of
previous studies [9–11, 22]. However, this association
depends strongly on other factors, such as age and
population, which have led to a wide range of observa-
tions across studies [8, 18, 23]. Since all the NFBC1966
members were the same age, we were unable to investi-
gate the influence of age beyond reporting the preva-
lence of tooth loss at this age. Nevertheless, aging is
known associate strongly with tooth loss.
In our study, the cohort members were among the
first people to receive comprehensive Finnish public
health care, including free oral care from childhood, as a
result of the National Health Act of 1972 [24]. Those
born in the late 1960s were the first to benefit from this
new, free-of-charge public oral health care from the be-
ginning of school (i.e., the age when the first permanent
teeth erupt) through adolescence. Since then, the cohort
participants have enjoyed heavily subsidized dental care
throughout their lifetime. Generally, the oral health of
these 46-year-old adults was better than that of the
Table 4 Results of the stratified negative binomial regression analyses for the risk of losing teeth (n = 1694). Adjusteda relative risks
(RR) with 95 % confidence intervals (CI)
Gender Education Tooth brushing
Male Female Low High Once daily or less At least twice daily
(n = 785) (n = 909) (n = 688) (n = 1006) (n = 557) (n = 1137)
RR (95 % CI) RR (95 % CI) RR (95 % CI) RR (95 % CI) RR (95 % CI) RR (95 % CI)
Smoking
0–10 pack-years 1.90 (1.12–3.21) 1.07 (0.68–1.70) 1.34 (0.84–2.14) 1.42 (0.85–2.37) 1.58 (0.85–2.95) 1.35 (0.89–2.04)
11–20 pack-years 2.27 (1.41–3.65) 1.20 (0.83–1.74) 1.65 (1.16–2.35) 1.35 (0.79–2.30) 1.97 (1.21–3.23) 1.31 (0.90–1.91)
21 or more pack-years 2.23 (1.52–3.26) 1.41 (0.96–2.08) 1.64 (1.20–2.25) 2.25 (1.35–3.74) 1.81 (1.21–2.70) 1.81 (1.25–2.63)
Former smoker 1.36 (1.06–1.75) 0.98 (0.78–1.24) 1.14 (0.90–1.44) 1.12 (0.88–1.43) 1.22 (0.92–1.61) 1.09 (0.88–1.34)
Occasional smoker 1.24 (0.86–1.80) 0.76 (0.52–1.12) 0.99 (0.67–1.45) 1.01 (0.70–1.46) 0.95 (0.62–1.44) 1.01 (0.71–1.42)
Never smoker (reference) 1.00 1.00 1.00 1.00 1.00 1.00
1–20 years of smoking 2.00 (1.17–3.42) 1.07 (0.69–1.65) 1.47 (0.96–2.24) 1.28 (0.73–2.25) 1.60 (0.89–2.88) 1.32 (0.87–2.00)
21–30 years of smoking 2.15 (1.49–3.11) 1.32 (0.95–1.84) 1.68 (1.25–2.26) 1.56 (1.00–2.44) 1.85 (1.25–2.72) 1.55 (1.12–2.14)
31 or more years of smoking 2.33 (1.40–3.87) 1.26 (0.76–2.08) 1.47 (0.95–2.29) 2.35 (1.31–4.22) 1.95 (1.13–3.36) 1.59 (0.98–2.56)
Never smoker (reference) 1.00 1.00 1.00 1.00 1.00 1.00
aAdjusted for diabetes, dental plaque, alcohol use and other stratification factors (gender, education, tooth brushing) in this table
Fig. 1 Expected (line) and observed (dots) number of missing teeth by pack-years among smokers. The estimation is based on an unadjusted
negative binomial model
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2000 Survey in Finland [25]. In our study, 53 % of the
participants had experienced tooth loss (not counting
third molars).
Strengths and limitations
The comprehensive and representative data on the 46-
year-old Finnish adult population is one strength of this
study. The NFBC1966 cohort study has been a unique
research project, collecting detailed information on co-
hort members across several life stages. We had infor-
mation (about tooth loss) from 1946 participants, with
fairly even representation of men (47 %) and women
(53 %). Smoking variables were sufficiently thorough to
assess the participants’ smoking history in detail (smok-
ing duration, amount, and intensity were calculable).
Moreover, for the first time, the follow-up of 46-year-
olds included complete clinical oral examinations, which
enabled the clinical measurement of the number of
missing teeth rather than self-reported measurements.
Self-reported tooth loss has been considered an accept-
able substitute for clinically measured tooth loss, but
some validity issues remain for participants with certain
characteristics [26].
Due to the cohort study design, with its several follow-
ups and health monitoring, the prevalence of many oral
health-related diseases and symptoms, as well as the
presence of associated lifestyle-related risk factors, may
be lower among cohort members than in the general
Finnish population [25]. Another weakness relates to the
follow-up data on the 46-year-olds: we were able to
examine only the association between smoking and
tooth loss at this age and thus cannot predict how strong
the association might have been in a younger or older
study population.
In this study, the cause of tooth loss was unavailable.
In addition, we do not know the exact moment of tooth
loss, which raises the possibility that some of the indi-
viduals’ outcomes may have preceded their exposure.
However, this scenario among these middle-aged adults
with fairly good oral health is unlikely. Although we
adjusted for common confounding factors, some prob-
lems related to the accuracy of the results may persist,
possibly due to unknown risk factors or errors in the
self-reported or other measurements. For instance, be-
cause we used only education as a measure for socio-
economic status and tooth brushing for oral health
behavior [9, 18], one should exercise caution when inter-
preting the findings.
Conclusions
We demonstrated the impact of smoking history and
current smoking status on tooth loss in a population of
46-year-old adults and found that the probability of losingteeth increases in an exposure-dependent manner com-
mensurate with smoking intensity and duration. Con-
versely, those who had stopped smoking or smoked only
occasionally were at lower risk for losing teeth than those
who smoked daily. Thus, smoking cessation and quitting
smoking among adults should be a priority.
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